Active films developers are persistently looking for new alternatives to improve the gradual release of active compounds. However, currently, there is almost no information concerning the effect of the active principles and no thermal technology as the ultrasound on the rheological behavior of active films. In this work, the effect of aqueous extract of Schinopsis balansae, Gliricidia sepium and ultrasound treatment on the rheological behavior of edible film made from carrageenan is evaluated. The films were obtained employing the casting method and the rheological tests were performed in the viscoelastic zone and adjusted to the Kelvin-Voigt model. Although, all EF showed viscoelastic rheological behavior (G′ > G″), structural changes were appreciated. These changes were mainly appreciated on G' that is the solid component, while no effect was appreciated with liquid component (G'') reflecting degradation of the solid structure. These results can contribute to developing active edible film with better rheological properties.
Introduction
Hydrocolloids have been used in food industries to produce edible films (EF) [12] for extending the shelf-life of food and control the migration of many components between the food and its environment [4] . Moreover, the EF usage avoids the environmental concerns resulting from disposing of thermoplastic materials used in food packaging [6] . Hydrocolloids as carrageenan have been used extensively to produce EF due to its rheological properties and non-toxicity, film formation [4] .
Edible films may be incorporated with specific compounds as antimicrobial or antioxidants to produce active packaging [7, 9] and extend the functionality of the active principle and increase the food shelf-life [8, 13] by acting as a physical barrier for gases preserving food color, texture, and moisture [2] . Whereas, researchers have focused on finding new and alternative sources of active compounds such as antimicrobial and antioxidants to be included inside EF. Schinopsis balansae, commonly known as Quebracho or Santacruz, is a tree that comes from South America. Mainly, S. balansae has been used as an essential source of vegetable tannins and timber [11] . However, the most interesting topic published about S. balansae is its bacteriostatic activity, which can be exploited by the food industries [10] . Otherwise, Gliricidia sepium is a plant with a worldwide distribution. It is well known its effects stimulating on the immunological system and its nutritional attributes during dry seasons [17] . Besides previous studies have reported an anthelmintic-like effect of leaves extracts [16] .
Currently, there is an increasing interest in the development of active film in the pharmaceutical and food industries motivated by the increasing consumers' demand for safe and stable products as well as the gradual release of the active principle retained inside EF. The application of high-intensity ultrasound on EF can be one strategy employed to achieve this proposal due to cavitation phenomenon, which is described by the creation and breakdown of bubbles within the liquids generating stress producing chain cleavage [14] . However due to the complexity of hydrocolloids structures the ultrasound' treatment yield different effects. It should be mentioned that currently there is not any report about the ultrasound incidence on EF loaded with aqueous extract of G. sepium or S. balansae. Considering the properties as mentioned above of S. balansae and G. sepium; it could be interesting study the effect of aqueous extract of S. balansae, G. sepium, and ultrasound on the structural changes of edible film. Therefore, the main goal of this article was determinate the effect of aqueous extract of S. balansae, G. sepium and ultrasound treatment on the rheological behavior of edible film made from carrageenan.
Materials y Methods

Steam distillation
The distillation process for obtaining the aqueous extract of G. sepium and S. balansae was conducted employing a distillation system composed of a volumetric flask. The system consists of a 1 L volumetric flask container (VFC) as a heat source for creating steam by boiling water. This volumetric flask is connected to another spherical glass container (SGC) with two entrances and bottom entrances, the upper entrance receives the VFC and the bottom entrance is coupled to a glass condenser. Finally, a glass collector recovering the aqueous extract of each plant (G. sepium and S. balansae) from a condenser. The leaves are placed in the SGC flask and water in the VFC. Subsequently, water is heated and the vapor passes through the sample in the SGC dragging active principles presented inside leaves that finally are condensed and recovered in the glass collector.
Microencapsulation
Microcapsules were prepared according to the methodology described by Gonzalez et al. [4] , which consist in the formation of emulsions by mixing polymeric dispersion with vegetable oil under constant agitation. Later, each aqueous extract (2 mL) was incorporated along with the polymer. Dispersions of low acyl gellan at 0.75 % (w/v) were gelified through calcium and δ-gluconolactone addition. Then, Microcapsules were harvested by centrifugation at 5000 rpm / 10 min and stored at 4 °C until its use. Finally, Twenty microliters approximately of the microcapsules were employed to determine the diameter using a microscope (Carl Zeiss Model Primo Star HD) coupled to a digital camera.
Edible film formation 0.35 % (w/v) of carrageenan was directly dissolved in distilled water at 80°C. Once it was completely dissolved, glycerol (8 % w/v) was added as plasticizer. Afterward, the dissolved carrageenan solution was air-conditioned and microcapsules formerly prepared were incorporated. Subsequently, the dispersions were degasified using a vacuum pump and finally, they were homogeneously spread over a Petri plate and were left for 48 h at 34°C on a leveled surface until wholly dried controlling the film thickness. Dried films were peeled intact from the casting surface.
Ultrasonication of edible film The ultrasonication was carried out using a Labscient Model KSL5120-5 ultrasonic processor (Frequency 40 kHz, ultrasonic power 120 w, Germany) attached with a sonotrode Model Ezodo with a precision: ± 1,5 dB (94 dB ref @ 1 KHz). Distillate water was used in order to estimate the effective energy delivered to the EF during the ultrasonication process. Throughout the ultrasonication process (10 minutes per sample), the temperature was kept constant at 40°C. The EF was immersed into distilled water at a constant depth of 10 mm from the surface.
Rheological measurements
These tests were carried out according to the methodology described by González et al. [4] employing a controlled-stress rheometer (Modular Advanced Rheometer System Mars 60, Haake, Thermo-Scientific, Germany). The linear viscoelastic zone was established through an amplitude sweep and G′ and G″ modulus are independent of the frequency. Subsequently, a frequency sweep was performed between 0.010 and 16 Hz.
Creep recovery curves
The edible film was submitted to stress and the strain material in function of the time was calculated; then, the stress is suspended and the system's recovery and the characteristic parameters representing this behavior are evaluated. The findings are reported in terms of compliance and represented by the Kelvin-Voigt model (Eq. 1). It must be mentioned that shear stress is calculated inside lineal viscoelastic zone Where, J0 is the instantaneous compliance (Pa -1 ), J1 is the retarded compliance (Pa -1 ), λrel is the relaxation time (s) and η0 is zero-shear viscosity.
Statistical analysis
The parameter obtained from Kelvin Voigt model were analyzed applying ANOVA (one way) in order to determine statistically significant differences (p<0.05) among the samples. This was accomplished by means of the software SPSS (version 17.0 for Windows). All the test were done in triplicate.
Results and Discussion
Dynamic rheology
The main dynamic rheological parameters employed to characterize edible films are storage modulus (G'), which refers to the elastic component. It is a measure of the energy temporarily stored in a material; while loss modulus (G´´) refers to the viscous component. It is a measure of the lost energy and transformed into heat. The last parameter is tan δ, which is the quantitative relationship between the viscous and the elastic components of a system [3] . Figure 1 displays the variation of the storage modulus (G') and the loss modulus (G'') as a function of frequency. It was observed that elastic behavior dominates over the viscous behavior (G'>G'') and the dependency of both moduli on frequency was minimal. This behavior is characteristic of a strong gel according to the Clark and Ross-Murphy [1] classification; which consists in determining the behavior of a strong gel, weak gel, and macromolecular solution respecting to the dependence of both moduli on a function of frequency. The highest mean G' value (22240 Pa) was obtained for EF loaded with S. balansae without ultrasound treatment, followed by EF subjected to ultrasound (18009 Pa). Conversely, the lowest mean G'' value (1442 Pa) was found for EF loaded with G. sepium and subjected to ultrasound. It must be highlight that significant differences (p<0.05) were observed between all storage modulus, while no significant differences (p>0.05) were found between all G'' values. Regarding tan δ, values<1 were obtained for all EF, these findings indicate a gel-like behavior. To summarize, both the ultrasound and the type of aqueous extract have an incidence on decreasing of the elastic component; this behavior can suggest a structure degradation of EF caused by cavitation process [15] . Likewise, the interactions between carrageenan chains can be reinforced by the extracts chemical composition.
Creep and recovery curves
In all the analyzed EF samples a recovery was presented, when the stress was suspended as can be seen in figure 2 . These recoveries were between 73.77 and 70.38 for EF subjected to ultrasound and between 84.76 and 83.12 for EF without ultrasound; which means that EF loses elasticity with ultrasound application; this loss is probably due to structural degradation of EF. The films showed a slight decrease in recovery of the energy lost during the deformation caused by the ultrasound application because more chains are found in the medium and this reduces the hydrodynamic volumes of the EF. Thus, all EF showed the characteristic behavior of a viscoelastic solid [1] .
The rheological parameters of the Kelvin Voigt model are presented in table 1. The viscosities value increased significantly (p<0.05) due to the incorporation of microcapsules loaded with both aqueous extract, which reveals that likely the chemical composition for both aqueous extract are different, although further studies are needed to confirm this hypothesis. Rows with no common letter showed statistically significant difference (significance level p<0.05). AE = Aqueous extract; US= ultrasound; -= without treatment; X= with treatment Considering the recoverability' system, all studied EF presented higher instantaneous compliances (J0) than retarded compliances (J1 < J0) due to EF initially need to deform and later stabilize the flow before re-deforming again. The retarded compliance values (J1) remained constant for all samples. EF subjected to ultrasound had slight increases on the retarded time (λret) values (3.95 times) compared with EF without ultrasound treatment. Likewise, significant differences (p<0.05) were occasioned by microcapsules load (S. balansae or G. sepium); the λret is important because it indicates the ability of a material to recover from a deformation. Considering the previous premise, EF submitted to ultrasound had minor recovery than others, which can be attributed to the hydrogen bond break by the cavitation process [15] . 
Conclusions
The result shows that the type of microcapsules load and the ultrasound applications affect rheological properties. Although, all EF showed viscoelastic rheological behavior (G′ > G″), structural changes were noted. These changes were mainly appreciated on G' that is the solid component, while no effect was appreciated with liquid component (G'') reflecting degradation of the solid structure 
